To create a user-friendly web application that allows researchers, medical professionals and patients to easily and securely view, filter and interact with human exome sequencing data in the Variant Call Format (VCF).
INTRODUCTION
Exome sequencing (ES) has been highly successful at identifying genetic variation contributing to a large number of human phenotypes, from germline changes that underlie rare Mendelian disorders and complex diseases, to somatic mutations that drive carcinogenesis. 1, 2 However, the actual process of identifying disease-causing variants and mutations remains a challenging task, and often one that requires at least some bioinformatics knowledge. This is due mainly to the sheer number of variants routinely identified in ES projects, the diversity of biological mechanisms by which variants may act, and the need to integrate large amounts of information from both pathogenicity scoring algorithms and clinical and population databases.
In this context, user-friendly graphical and interactive software tools have been developed that are able to filter, display and contextualise exome sequencing data in order to accelerate the discovery of disease-causing variants. These resources vary in the amount of public information they integrate, their interactivity, and the level of bioinformatics expertise required to execute them. For example, Genome Mining (GEMINI) 3 allows the user to interactively explore their own variation files and overlaps information from dbSNP, 4 ENCODE, 5 ClinVar 6 and KEGG, 7 but requires users to have a good understanding of the command line and to be able to construct 22 Cross-referencing with supported external databases is then performed via querying our internal database using the Elasticsearch search engine, which allows us to perform a smaller number of queries in an efficient manner. A flowchart depicting the process flow and system architecture of VCF/Plotein is shown in Figure 1 . All collected information is stored as an array of objects in JSON format, returned to the web browser and depicted over a customisable plot of the primary structure of the canonical transcript (Figure 2) . The protein graph is made using the D3.js library since it allows to easily map the information to vector graphic elements in the web page. All operations, except for the search of naked genomic positions in supported external databases, is performed locally using the user's CPU. Performance. VCF/Plotein is able to process VCF files from exome sequencing studies in a reduced time frame. We have tested our application with different file sizes in a number of system architectures and web browsers. The results are shown in Table 1 .
Bookmarks. Bookmarks allow users to easily save any selected features from any number of genes in a text file (in JSON format) which can be easily shared so others can load it into VCF/Plotein and view and interact with this information. As only the information regarding the selected gene transcripts is saved, this function can be used by teams of clinicians and researchers studying a few candidate genes from exome-wide sequencing studies in order to facilitate data transfer and interpretation.
Comparison with other similar tools. VCF/Plotein combines variant filtering capabilities with an intuitive and interactive platform to visualise and customise protein plots. Furthermore, it does not upload any sensitive sample information to the server, instead running all operations locally.
For these reasons, and because it requires no bioinformatics knowledge, we believe it is wellsuited for patients exploring their own genetic data, for biologists analysing exome sequencing data, and for teams of scientists and medical professionals studying patients with a particular disease. Other available tools perform some of these functions, but either require at least some bioinformatics expertise, do not leverage information from external databases, or do not allow users to visualise their own exome data ( Table 2) .
DISCUSSION
The ability to easily filter and display genomic information at the protein level is expected to contribute importantly to the identification of genetic variants conferring high-risk to develop various diseases by allowing non-bioinformaticians (e.g. many medical doctors and bench researchers) to perform variant prioritisation. Here, we have described VCF/Plotein, a novel web application capable of loading VCF files from exome sequencing projects in order to display, in a graphical and interactive manner, variants falling in any chosen transcript from any gene.
Furthermore, variants can be filtered and customised to display only those of interest to the user, which can then be easily shared via a simple text file that can also be loaded into the web application. This kind of analyses can sometimes take an experimented bioinformatician hours or days (given the need to download databases, create custom scripts for filtering and find adequate tools for data visualisation), however here we have simplified this process and shortened the time required for analysis to minutes or seconds.
Our methodology also entails a number of advantages: By building VCF/Plotein as a singlepage application, we are able to implement an iterative and incremental software development strategy, undertake constant improvements and regularly add new features. Furthermore, it allows us to easily keep our internal data structures up-to-date, importing the latest versions of external databases as they are released.
We anticipate that VCF/Plotein will allow researchers, especially in small labs, to focus on biology-relevant questions instead of having to learn to install software dependencies, learn to use variant-annotation and cross-referencing tools, and become familiar with the UNIX and/or MySQL command line. As direct-to-consumer genetic testing becomes even more accessible, we also believe that this application can be used by patients analysing their own genetic information. By combining variant filtering and annotation in a single graphical and interactive tool, we hope that variant prioritisation will become easier, faster and more intuitive. 
